Title: MOSFET Modeling for IC Design . . . 

Inventors: Zhang eial. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Any. Tel: (415) 318-1 160 Sheet 1 of 12 



1 / 12 





FIG.. 1b 



Title: MOSFET Modeling for IC Design . . . 

Inventors: Zhang et al. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Atfy. Tel: (4 1 5) 3 1 8- 1 1 60 Sheet 2 of 1 2 



2/12 



Measure S parameter of MOSFET. And also 
record the DC current of MOSFET. 



201 



Parameter Converting and Presentation f 



203 



Built Sub-circuit to Represent the MOSFET 



205 



Physical Extraction 



207 



Simulate the S-parameter of MOSFET 



Equalizer Window for Sensitivity Analysis 



209 



211 



I Noise Analysis ' 
l I 





Optimization 












Accurate Monte Carlo Simulation 






Corner Model Generation 







V 



275 



217 



( End ) 



FIG.. 2 



Title: MOSFET Modeling for 1C Design . . . 

Inventors: Zhang et al. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Atty. Tel: (4 IS) 318-1 160 Sheet 3 of 1 2 



3/12 



Internal 



1 



$ MA- 



W\A- 



"4 D i 



FIG..3a 



External 




FIG..3b 



rtpiiin. i>o.. uiimiuwh Docket i>o.: ttlAl.OOlUM 

Title: MOSFET Modeling for IC Design . . . 

Inventors: Zhang et al. Exp. Mail: EV 32 1 7 1 6094 US 

Filing Date: Herewith Arty. Tel: (4 1 5) 3 1 8- 1 1 60 Sheet 4 of 1 2 



4/12 



DC Mode 
(Id vs. Vg) 

Measurement 
Results (S(f)) 





Simulation Engine 









RF Accurate 
Model 



FIG-4 



Q Start ^ 



Check Intrinsic Rds Value: If Intrinsic Rds 
Value is too Big (for Example, in bsim3v3, if 
Rdsw Does Not Exist or Rdsw>10). The DC 
Model Need to be Regenerated. Give 
Warning and Exit. 



Calculate the Effect Rd, Rs, and Create Two 
External Resistors Connect to Source and 
Drain. Set the acm related Model Parameters 
to 0 in Model Card 



Generate Diode Model. If Source/Drain Gate 
Side Wall Junction Capacitance cjswg is not 
Equal to 0, Use Two Diodes in Each Source 
and Drain Side. 



301 



303 



305 



Generate Substrate Network I 
Based on User's Input 






Check DC Outp 
with Mosfet's 


ut of Sub-circuit 
Measured IV 



307 



309 



( End ) 
FIGS 



Appln. No.: Unknown Docket No.: BTAT.001US1 

Title: MOSFET Modeling for 1C Design . . . 

Inventors: Zhang et al. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Aery. Tel: (415) 318-1 160 Sheet 5 of 12 



5/12 




Appln. No.: Unknown Docket No.: BTAT.001US1 

Title: MOSFET Modeling for IC Design . . . 

Inventors: Zhang etal. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Atry. Tel: (415) 318-1 160 Sheet6ofl2 



6/12 



Start J 



Convert S-parameter to Y and Z Parameters /~ 



401 



Adjust the Model Parameter to Fit All the Low 
Frequency (such as 100MHz) Data Points first, 
Partiularly Real(Y21)(gm) and Real(Y22)(Gds) 



403 



Extract Rg 



405 



Extract Rsub and Cjdb. Map the Result to 
Diode Model Parameter and Value of 
Substrate Network 



Junction Capacitance is Optimized from Y22 



407 



409 



Left is Optimized from Y1" 



TV 



411 



GED 

FIG.. 7 



Appln. No.: Unknown Docket No.: BTAT.OOlUSI 

Title: MOSFET Modeling for IC Design . . . 

Inventors: Zhang etal. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Atty. Tel: (415) 318-1 160 Sheet 7 of 12 



7/12 



Parse Sub-circuit 






Solve DC Op 


eration Point 



501 



503 



Calculate the Small Signal Components 
for Each Nonlinear Device 






: Set Portl 's Voltage to 1 , and Port2's Voltage 
( to 0, Calculate Y1 1 and Y21 




r 


Set Portl 's Voltage to 0, and Port2's Voltage 
to 1 , Calculate Y22 and Y1 2 


i 


r 


Convert Y Parame 


ter to S Parameter ) 



505 



507 



509 



511 



( End ) 



FIG. -8 



Appln. No.: Unknown Docket No.: BTAT.001US1 

Title: MOSFET Modeling for IC Design . . . 

Inventors: Zhang etal. Exp. Mail: EV 321716094 US 

Filing Date: Herewith Atty. Tel: (415) 318-1 160 Sheet 8 of 12 



8/12 



C 



Need Calculate N Data Points' 
S-Parameter at a Given Bias 



J 



Select M Data Points from N Data Points, 
Step is Decided Based on the N. 




f 


Calculate Y-Parameter 


of these M Data Points 



60 1 



603 



For Each Yij (Y11.x, Y11.y...), do the Following Loop 
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User Input the Mean and Standard Derivation 
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Parameters or Model Parameters. 
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